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This is in response to the Amendment dated August 9, 2000. The text of those 

1. 

sections of Title 35, U.S. Code not included in this action can be found in a prior Office 
action. 



Response to Arguments 

I. 

Drawings 

Figure 9 should be designated by a legend such as -Prior Art- because only 
that which is old is illustrated. 

The objection to the drawings has been withdrawn in view of Applicant's 
amendment. 



Specification , 

The disclosure has been objected to because of minor informalities. 

The objection of the disclosure has been withdrawn in view of Applicant's 
amendment. 

^ I 

Claim Rejections - 35 USC S 1 12 

i. 

I. Claims 1-11 have been rejected under 35 U.S.C. 112, first paragraph, because 
the specification, while being enabling for electroplating, does not reasonably provide 
enablement for chemical vapor deposition, physical vapor deposition and electroless 

r » 

plating. The specification does not enable any person skilled In the art to which It 

I. 
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pertains, or with which it is most nearly connected, to use the invention commensurate 

I 

in scope with these claims. 

. The rejection of claims 1-1 1 under 35 U.S.C. 1 12, first paragraph, has been 
withdrawn in view of Applicant's amendment. 

II. Claims 1-11 have been rejected under 35 U.S.C. 112. second paragraph, as 
being inclefinite for failing to particularly point out and distinctly claim the subject matter 
which applicant regards as the invention. ^ 
The rejection of claims 1-1 1 under 35 U.S.C. 112, second paragraph, has been 

withdrawn in view of Applicant's amendment. 

t, 

Claim Rejections - 35 USC § 102 ^ 
Claims 1 and 3-5 have been rejected under 35 U.S.C. 102(b) as being 

anticipated by JP 2001-316869 ('869). 

Tfie rejection of claims 1 and 3-5 under 35 U.S.C. 102(b) as being anticipated by 

JP 2001-316869 ('869) has been withdrawn in view of Applicant's remarks. 

Claim Reiections - 35 USC S 103 
1. 

I. Claims 2 and 1 1 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 

/ 

JP 2001-316869 ('869) as applied to claims 1 and 3-5 above, and further in view of 
Raid et al. (US Patent No. 6.551,487 B1). 
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t. 

The rejection of claims 2 and 1 1 under 35 U.S.C. 103(a) as being unpatentable 
over JP 2001-316869 ('869) as applied to claims 1 and 3-5 above, and further in view of 
Reid^et al- has been withdrawn in view of Applicant's remarks. 
I. 

II. Claims 6 and 9-10 are is rejected under 35 U.S.C. 103(a) as being unpatentable 
over JP 2001-316869 ('869) as applied to claims 1 and 3-5 above, and further in view of 
Applicant'is admitted prior art (specification, "Background of the Invention", page 2, lines 
6-12; page 3, line 10 to page 4, line 4; and Figs. 10A-10B and 13A-13B), 

The rejection of claims 6 and 9-10 under 35 U.S.C. 103(a) as being unpatentable 
over JP 2001-316869 ('869) as applied to claims 1 and 3-5 above, and further in view of 
Applicant's admitted prior art has been withdrawn in view of Applicant's remarks, 
i. 

III. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over JP 2001- 
316869 ('869) as applied to claims 1 and 3-5 above, and further in view of Batz, Jr. et 
al. (US Patent No. 6,001,234). 

The rejection of claim 7 under 35 U.S.C. 103(a) as being unpatentable over JP 
2001-316869 ('869) as applied to claims 1 and 3-5 above, and further in view of Batz, 

Jr. et al. has been withdrawn in view of Applicant's remarks. 

\ I 

IV. Claim 8 is rejected under 35 U.S.C. 1 03(a) as being unpatentable over JP 2001 - 
316869 ('869) as applied to claims 1 and 3-5 above, and further in view of Wang et al. 



Application/Control Number: 10/624.564 
Art Unit: 1753 



(US Patent No. 6.610.189 B2). 

The rejection of claim 8 under 35 U.S.C. 103(a) as being unpatentable over JP 
2001-316869 C869) as applied to claims 1 and 3-5 above, and further in view of Wang 
et al. has been withdrawn in view of Applicant's remarks. 



Response to Amendment 

Drawings ^ - 

The drawings were received on August 9, 2006. These drawings are approved 
by the Examiner. 



Claim Rejections - 35 USC § 102/103 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by ^ 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by another filed in the United States before the invention by the 
applicant for patent, except that an International application filed under the treaty defined in section 
^ 351 (a) shall have the effects for purposes of this subsection of an application filed in the United States 
< only if the international application designated the United States and was published under Article 21 (2) ^ 
of such treaty in the English language. 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: ^ * 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
^ forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
' the f)rior art are such that the subject matter as a whole would have been obvious at the time the ^ 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 
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I. Claims 1 and 3-6 are rejected under 35 U.S.C. 102(e) as anticipated by or. in the 
alternative, under 35 U.S.C. 103(a) as obvious over Grandikota et al. (US Patent 
Application Publication No. 2002/0112964 Al) in view of Applicant's Admitted Prior 
Art (Specification, "Background of the Invention", page 2, lines 6-12; page 3. line 10 to 
page 4, line 4; Figs. 10A-10B and 13A-13B). 

Grandikota teaches a method for plating a substrate comprising the steps of: 

(a) rotating the substrate in a plating solution at a first speed of rotation (= 
between abouf 20 mm and about 50 mm ): and 

(b) rotating the substrate in the plating solution at a second speed of rotation (= 
between about 3 mm and about 30 mm ) lower than the first speed of rotation and 
thereby perfomning an electrolytic plating process with respect to the substrate (page 3 
[0025]).'' 

wherein the electrolytic plating process is performed with a surface of the 
substrate to be plated faced downward and the substrate immersed in the plating 

solution (page 2, [0017]; and Fig. 1). 

•I. 

The second speed of rotation is not less than 10 rpm and not more than 60 rpm 
(= between about 3 rpm and about 30 rpm) [page 3, [0025]]. 

A current density applied to the substrate in the step of rotating is lower than a 
current density applied to the substrate in the step of performing the electrolytic plating 
process with respect to the substrate (= from the substrate loading bias from about - 
0.8V to about -10 V applied to the substrate plating surface while the substrate is being 
Immersed in the plating solution ) fpace 3. 10024]]. 



1. 
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I. 

The method further comprises, prior to the step of rotating, the step of fomiing a 
seed layer on the surface of the substrate to be plated (= a PVD Cu seed layer) [page 3, 
[0021]], wherein the step of rotating includes the step of preventing the seed layer from 
being dissolved in the plating solution (= the loading bias not only circumvents seed 
layer dissolution but also provides polarization of organic molecules conductive for 
superfill) [page 3, [0024]]. 

\ The substrat^e is held in the plating solution by a substrate holding mechanism 
220 (= head assembly) having an electrode for contacting the surface to be plated 
(page 3, [0017]; and Fig. 1). 

\ The method ,of Grandikota differs from the instant invention because Grandikota 
does not disclose the following: 

a. Wherein the rotation of the substrate in the plating solution at the first 
speed of rotation removes a bubble adsorbed to the substrate, as recited in claim 1. 

\ Grandikota teaches that to further enhance plating, the substrate is rotated upon 

immersion into the plating solution between about 20 rpm and about 50 rpm (page 3, 

t. 

[0025]). 

The invention as a whole would have been obvious to one having ordinary skill in 
the art at the time tliie invention was made because Grandikota discloses rotating the 
substrate in the plating solution at the first speed of rotation in a similar manner as 
instantly claimed. Therefore, it would have been within the skill of the art to expect that 

I 
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the rotatibn disclosed by Grandikota would have removed a bubble adsorbed to the 
substrate. 

b. Wherein the bubble has a size of 10 ^m or less, as recited in claim 6. 

Applicant discloses that when the semiconductor substrate is brought into 
contact with the plating solution, extremely small bubbles each having a size of about 
several micrometers or less are adsorbed to the surface to be plated (specification, 
page 2, lines 6-8). 

I i 

The invention as a whole would have been obvious to one having ordinary skill in 
the art at the time the invention was made because when the semiconductor substrate 
is brought into contact with the plating solution, extremely small bubbles each having a 

size of about several micrometers or less are adsorbed to the surface to be plated as 

I 

taught Applicant (specification, page 2, lines 6-8). 

II. Claim 36 is rejected under 35 U.S.C. 102(e) as anticipated by or. in the 

alternative, under 35 U.S.C. 103(a) as obvious over Grandikota et al. (US Patent 

I 

Application Publication No. 2002/0112964 Al) in view of Applicant's Admitted Prior 
Art (Specification, "Background of the Invention", page 2, lines 6-12; page 3, line 10 to 
page 4, line 4; Figs. 1 0A-1 OB and 1 3A-1 3B). 

Grandikota and Applicant's Admitted Prior Art are as applied for reasons as 
discussed above and incorporated herein. 
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t, 

Claim Rejections • 35 USC § 103 
I. \ Claims 2 and 9-11 are rejected under 35 U.S.C. 103(a) as being unpatentable 

over Grandikota et al. (US Patent Application Publication No. 2002/01 12964 A1) in 

1. 

view of Applicant's Admitted Prior Art (Specification, "Background of the Invention", 
page 2, lines 6-12; page 3, line 10 to page 4, line 4; Figs. 10A-10B and 13A-13B) as 
applied to claims 1 and 3-6 above, and further in view of Raid et al. (US Patent No. 
6,551.487 B1). 

i. 

Grandikota and Applicant's Admitted Prior Art are as applied above and 
incorporated herein. 

^ The method of Grandikota differs from the instant invention because Grandikota 
does not disclose the following: 

a. Wherein the first speed of rotation is not less than 100 rpm and not more 
than 200 rpm, as recited in claim 2. 

* ^ b. Prior to the step of removing the bubble, immersing the substrate in the 

plating solution, while rotating the substrate at the first speed of rotation or at a third 

1. 

speed of rotation higher than the second speed of rotation, as recited in claim 1 1 . 

Grandikota teaches that to further enhance plating, the substrate is rotated upon 
immersion into the plating solution between about 20 rpm and about 50 rpm (page 3, 
[0025]). 

Like Grandikota, Reid teaches a method for plating a substrate performed with 
respect to the substrate 240 (- wafer) by facing a surface of the substrate to be plated 

^ , I 
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I 

downward and infimersing the substrate in a plating solution 244 (= electrolyte) [col. 9, 
lines 11-18; and Fig. 2E]. The substrate 240 is immersed in the plating solution 244, 
while rotating the substrate at the first speed of rotation (= between about 1 and 150 
rpm)' [col. '8, line 66 to col. 9, line 18; and Figs. 2D-2E]. For a 300 mm diameter wafer, 
the speed is preferably between about 50 and 100 rpm (col. 6, lines 35-50; and col. 8, 
line 66 to col. 9, line 10). 

It would have been obvious to one having ordinary skill in the art at the time the 
Invention Was made to have modified the first speed of rotation described by Grandikota 
with wherein the first speed of rotation is not less than 100 rpm and not more than 200 
rpm; and prior to the step of removing the bubble, immersing the substrate in the 
plating solution, while rotating the substrate at the first speed of rotation or at a third 
speed of rotation higher than the second speed of rotation because if wafer rotation and 
immersi6n rate (z speed) are properly controlled, multiple wetting fronts and bubble 
formation (frothing) during immersion would have been minimized as taught by Reid 
(col. 8. line 66 to col. 9, line 1 0). 

Furthermore, the first speed of rotation is a result-effective variable and one skilled in 
the art hhs the skill to calculate the first speed of rotation that would have detenmined 
the success of the desired reaction to occur, e.g., depending on the operation and the 
diameter of the substrate (MPEP § 2141.03 and § 2144.05(II)(B)). 

c:'" Prior to the step of removing the bubble, performing an electrolytic plating 
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process with respect to the substrate in a plating solution until at least the one of 
depressed portions provided in the surface to be plated having a minimum diameter is 
filled up,i as recited in claim 9. 

Applicant discloses that the residues of the TaN film 59a and the Cu film 59b 
resulting from the polishing of wiring material are filled also in the depression 57 to form 
a conductive portion 59 (specification, page 3, line 24 to page 4, line 1). 

The invention as a whole would have been obvious to one having ordinary skill in 
the art at the time the invention was made because a depression resulting from a pit 
defect or the like are conventionally encountered in the art and the residues of a TaN 
film and a'Cu film resulting from the polishing of wiring material are filled also in the 
depressbn to form a conductive portion as taught by Applicant (specification, page 3, 
line 24 to page 4, line 1 ). 

' d. ' Wherein a thickness of a plate film necessary to fill up the depressed 
portion having the minimum diameter is 20% or less of a target thickness of the plate 
film, as recited in claim 10. 

Applicant shows a depression 57 smaller than the trench below it (Fig. 13B). 

The invention as a whole would have been obvious to one having ordinary skill in 
the art at the time the invention was made because since the depression is smaller than 
the trench, the thickness of a plate film necessary to fill up the depressed portion having 
the minimum diameter would have been 20% or less of a target thickness of the plate 



1. 



/ 
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film, depending upon how much smaller the depression was from the trench. 



il. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over 

Grandikota et al. (US Patent Application Publication No. 2002/01 12964 A1 ) in view of 

1. 

Applicant's Admitted Prior Art (Specification, "Background of the Invention", page 2, 
lines 6-12; page 3. line 10 to page 4, line 4; Figs. 10A-10B and 13A-13B) as applied to 
claims 1 and 3-6 above, and further in view of Batz, Jr. et al. (US Patent No. 
' 6.001,234). 

Grandikota and Applicant's Admitted Prior Art are as applied above and 
incorporated herein. 

^ The method of Grandikota differs from the instant invention because Grandikota 
does not disclose wherein the substrate holding mechanism has a seal for contacting 
the surface to be plated in such a manner as to protect the electrode from the plating 
solution and a contact angle of the seal relative to the surface to be plated is not less 
thap 120° and not ipore than 1 50°, as recited in claim 7. 
Grandikota teaches a head assembly 2^0 (F'la. ^). 

Grandikota teaches that the plating process may be carried out on the Electra 
ECP system , which is commercially available from Applied. Materials, Inc., of Santa 

Clara, Calif, (page ^, [0022]). 

i 

Like Grandikota, Batz, Jr. teaches a method for electroplating a substrate faced 
downward in the plating solution. 
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' Batz, Jr. teaches a processing liead having a finger assenfibly (col. 19, lines 7- 
27). Batz, Jr. teaches a seal 868 for contacting the surface W to be plated in such a 
manner as to protect the electrode 858 from the plating solution (col. 22, line 65 to col. 
23, line 41; and Fig. 22). 

' It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the head assembly described by Grandikota with 
wherein the substrate holding mechanism has a seal for contacting the surface to be 
plated in such a manner as to protect the electrode from the plating solution and a 
contact angle of the seal relative to the surface to be plated is not less than 120^ and 
not more than 1 50° because the selection of old parts to operate in new environments in 
order to achieve the same results was held to have been obvious. In re Ross 105 USPQ 
237. And the substitution of known equivalent structures was held to have been 
obvibus. /rt re Ruff 1 18 USPQ 343 (CCPA 1958). 

III. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Grandikota at al. (US Patent Application Publication No. 2002/01 12964 A1) in view of 
Applicant's Admitted Prior Art (Specification, "Background of the Invention", page 2, 
lines 6-1*2; page 3, line 10 to page 4, line 4; Figs. 10A-10B and 13A-13B) as applied to 
claims 1 and 3-6 above, and further in view of Wang et al. (US Patent No. 6.610,189 
B2). 

Grandikota and Applicant's Admitted Prior Art are as applied above and 
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incorporated herein-. 

' . The method bf Grandikota differs from the instant invention because Grandikota 
does no^ disclose wherein the step of removing the bubble includes the step of applying 
supersonic vibration to the plating solution, as recited in claim 8. 

Like Grandikota, Wang teaches a method for electroplating a substrate faced 
downward in the plating solution. Wang teaches that mechanically vibrating the 
electrolyse solution mechanically enhances the concentration of metal ions in the 
electrolyte solution in the features (col. 13. line 62 to col. 14, line 19). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the step of removing the bubble described by 
GrandikQta with wherein the step of removing the bubble includes the step of applying 
supersonic vibration to the plating solution because this would have mechanically 
enhances the concentration of metal ions in the electrolyte solution in the features as 
taught by Wang (col. 13, line 62 to col. 14, line 19). 

Furthermore, the reason or motivation to modify the reference may often suggest 
what the inventor has done, but for a different purpose or to solve a different problem. It 
is not necessary that the prior art suggest the combination to achieve the same 
advantag6 or result discovered by the Applicants. In re Linter 458 F.2d 1013, 173 USPQ 
560 (CCPA 1972); In re Dillon 919 F.2d 688, 16 USPQ2d 1897 (Fed. Cir. 1990). cert, 
denied, 500 US 904 (1991); and MPEP § 2144. 
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IV. claims 31-35 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Grandikota at al. (US Patent Application Publication No. 2002/01 12964 A1 ) in view of 
Applicant's Admitted Prior Art (Specification, "Background of the Invention", page 2, 
lines 6-12; page 3, line 10 to page 4, line 4; Figs. 10A-10B and 13A-13B) as applied to 
claims l^and 3-6 above, and further in view of Bran (US Patent No. 6,140,744). 
Grandikota and Applicant's Admitted Prior Art are as applied above and 

incorporated herein. 

^ , I 

The method of Grandikota differs from the instant invention because Grandikota 
does not disclose the following: 

/ 

a. Prior to the step of removing the bubble, the step of: iniproving a 

wettability of the surface to be plated before immersing the substrate in the plating 

^ I 

solution, as recited in claim 31 . 

•4i 

b. Wherein the step of improving the wettability includes the step of 
supplying a liquid to the surface to be plated, as recited in claim 32. 

c. Wherein the step of improving the wettability includes the step of removing 

a particle adhered to the surface to be plated, as recited in claim 33. 
(. 

d. Wherein the step of removing the particle includes the step of applying 
supersonic vibration to the surface to be plated, as recited in claim 34. 



e. Wherein the step of removing the particle includes the step of supplying a 
liquid to which supersonic vibration has been applied to the surface to be plated, as 
recited in claim 35. 



I 
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' , Like Grandikota, Bran teaches semiconductor wafers. Bran teaches that 
semiconjductor wafers are frequently cleaned in a cleaning solution into which 
meaasonic enerov is propagated. The agitation of the cleaning fluid produced by the / 
megasonic energy loosens particles on the semiconductor wafer. Contaminants are 
vibrated away from'the surfaces of the wafer (col. 1 , lines 14-31 ). 

It.would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method described by Grandikota with a-e / 
above because the agitation of a cleaning fluid produced by megasonic energy would 
have loosened particles on a semiconductor wafer and contaminants would have been 
vibrated ,away from the surfaces of the wafer as taught by Bran (col. 1 , lines 1 4-31 ). 

As to improving the wettability, a cleaned surface would have naturally improved / 
the wettability of the surface. 

V I 

i Furthemiore, the reason or motivation to modify the reference may often suggest 
what th^.inventor has done, but for a different purpose or to solve a different problem. It 
Is not necessary that the prior art suggest the combination to achieve the same f 
advantage or result discovered by the Applicants. In re Linter 45& F.2d 1013, 173 USPQ 
560 (CCP'A 1972); )n re Dillon 919 F.2d 688, 16 USPQ2d 1897 (Fed. CIr. 1990), cert. ^ 
denied, 500 US 904 (1991); and MPEP § 2144. 

f\ 

Any inquiry concerning this communication or earlier communications from the 
examiner 'should be directed to Edna Wong whose telephone number is (571 ) 272- ^ 
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I, 

1349. The examiner can normally be reached on Mon-Fri 7:30 am to 4:00 pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Nam Nguyen can be reached on (571 ) 272-1342. The fax phone number 

1. 

for the organization where this application or proceeding Is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Infonnation Retrieval (PAIR) system. Status information for 

t » 

published applications may be obtained from either Private PAIR or Public PAIR. 

1. 

Status infonnation for unpublished applications is available through Private PAIR only. 
For more infomnation about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 

I ' 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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Primary Examirfer 
Art Unit 1753 
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